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[57] ABSTRACT 
A sense ampli?er circuit for single-ended data charac 
terized by the responsiveness of the reference voltage to 
variations in processing parameters and tolerance for 
noise. Matching of the dataline voltage to the reference 
voltage enables the comparison of data with the refer 
ence to operate with greater accuracy. Isolation of the 
reference voltage preserves its integrity as a high logic 
state from subsequent variations in the dataline. 
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SENSE AMPLIFIER FOR SINGLE-ENDED DATA 
SENSING 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to electronic 
integrated circuits and, in particular, to a sample-and 
hold sense ampli?er which uses the input signal itself to 
obtain the reference voltage. 

BACKGROUND ART 

A semiconductor memory device commonly com 
prises an array of rows and columns. Each intersection 
of the rows and columns de?nes a memory “cell”. A 
cell stores either a logical ‘0’ or a logical ‘1’. Associated 
with each column is a device which is used to detect 
changes in the logic state of the cells in that column. 
This device is usually called a sense ampli?er because it 
“senses” a change in the logic state of the cell and am 
pli?es it for transmission to the next stage of the circuit. 
To perform this function, a sense ampli?er must be 

able to distinguish between a ‘0’ and a ‘1’. One of the 
problems associated with distinguishing a ‘1’ is charge 
leakage. Over time, the voltage level in the cell decays. 
When the sense ampli?er compares a decayed or stale 
‘l’ with a reference voltage that de?nes a clear ‘1’, the 
cell appears to the sense ampli?er to be storing a ‘0’. 

Several different techniques are available for per 
forming sense ampli?cation. One such technique uses 
what is known as a “sample-and-hold” function. Ac 
cording to this technique, the sense ampli?er samples 
the memory cell and holds the sampled voltage for a 
precisely controlled period of time. At the end of the 
time span, the voltage will have become attenuated. By 
measuring the voltage attenuation, the circuit distin 
guishes a ‘0’ from ‘1’. The measurement is performed by 
comparing the attenuated sample with another stable 
and known voltage level, often called the reference 
voltage Vref. A sampled voltage which is above the 
reference voltage Vref at the end of the time span is 
identi?ed as a ‘l’; conversely, a sampled voltage which 
is below Vref is identi?ed as a ‘0’. Since the measure 
ment is done with respect to a reference voltage Vref, 
this type of device is called a reference voltage compar 
ator. 
One of the problems associated with this technique is 

the variability in the amount of attenuation. The sense 
ampli?er is made to measure attenuation to a certain 
limit before the output will change to ‘0’. Due to varia 
tion in the time passing since the memory cell was last 
read, as well as variations in processing the device, the 
amount of attenuation occurring for a ‘l’ is not always 
what the sense ampli?er will identify as a ‘1’. 
FIG. 1 shows a conventional level shifting sense 

ampli?er. When the memory cell is storing a ‘1’, current 
drains from the power source 10 to ground 12. The 
input to the inverter 14 is held low; thus, the output is 
held high. When the cell is storing a ‘0’, no current 
flows. The input to the inverter stays high since transis 
tor T1 is now off and the output of the inverter is low, 
i.e. ‘O’. This design, while instructive, is no longer 
widely used. The design requires extra dc power for the 
inverter and is overly sensitive to both positive going 
noise and fluctuations in the power supply. 
FIG. 2 shows a conventional sense ampli?er that uses 

“dummy cells”. A dummy cell is a circuit which is a 
duplicate of the memory cell. It stores the voltage level 
of the memory cell from some prior time. This sense 
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2 
ampli?er design is essentially of the sample-and-hold 
type. For a reference voltage, the sense ampli?er uses 
the dummy cell voltage. The reference is thus highly 
dependent on processing variations. Nor does this de 
sign respond well to noise on the cell column lines. 
Dummy cell sense ampli?ers are also undesirable due to 
their size and power needs. Normally, one column of 
dummy cells is required for each half of the memory 
array. Given the ever-increasing number of cells con 
tained in state-of-the-art memory devices, this results in 
a constraint on the total “usable” memory that will ?t 
on a semiconductor chip of limited size. 
FIG. 3 shows a variation on the above-described 

conventional level shifting design. The FIG. 3 design, 
which uses a high trip inverter, includes a bias line and 
a precharge switch. Transistor 30 is turned on to raise 
the bias line to its upper limit. Transistor 32 holds the 
bias line high. Transistor 30 is turned off so that no 
current will drain from the power supply 34 to ground 
36 when the cell is accessed. The input to the inverter 
38 is thus a ‘1’ and the output is a ‘0’. If the cell is storing 
a ‘0’, then no current will ?ow between node (39) and 
ground and the output of the inverter remains as it was, 
i.e. low. If the cell is storing a ‘1’, then current drains 
from the bias line through transistor 40 to ground. The 
bias line is thus “pulled” low by the cell and the output 
of the inverter 38 goes high, i.e. to ‘1’. This design is 
sensitive to noise and to charge remaining on the data 
line from the last read cycle. The inverter 38 has a 
threshold voltage at which it responds to the input as if 
it were ‘1’. This threshold is sensitive to variations in 
processing the device. 
FIG. 4 shows a variation of the “dummy cell” type of 

sensing ampli?er. In the FIG. 4 circuit, a copy of the 
inverse of the voltage stored in a memory cell is re 
tained for subsequent comparison with a reference. 
While this solution avoids some problems associated 
with sense ampli?ers, it again requires chip area to 
house the dummy cells. 
US. Pat. No. 4,301,518 entitled “Differential Sensing 

of Single Ended Memory Array” issued Nov. 17, 1981 
to J. M. Klaas, discloses a differential sensing circuit for 
producing a data output. The Klaas sense circuit allows 
the array to be biased independent of the sense opera 
tion. A reference voltage is provided for direct compar 
ison to the operating point of the selected column line, 
producing a differential voltage the polarity of which 
indicates the logic state of the selected cell. 
US. Pat. No. 4,166,982 entitled “Logic Circuit Refer 

ence Electric Level Generating Circuitry”, issued Sept. 
4, 1979 to W. A. Christophersen, discloses the use of a 
reference voltage and/or current for distribution to a 
plurality of logical circuits on a semiconductor chip 
having of the order of a thousand such circuits thereon. 
An operational ampli?er and evener circuitry drives the 
reference voltage distribution grid laid out over the 
semiconductor chip. 
Examples of typical bipolar sense ampli?ers are pro 

vided in US. Pat. No. 3,376,515 issued Apr. 2, 1968 to 
W. G. Dilley and US. Pat. No. 4,099,266 issued July 4, 
1978 to C. Biggers. An example of reading or writing 
MTL (merged transistor logic) is disclosed in US. Pat. 
No. 4,330,853 issued May 18, 1982 to H. H. Heimeier et 
al. 

In summary, prior art sense ampli?ers are subject to 
several limitations. Reference voltages derived from 
power sources independent of the dataline are insensi 
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tive to variations in threshold voltages. Changes in the 
power sourcing the reference voltage can cause it to be 
unresponsive. Off-chip reference voltages are limited by 
exacting requirements for processing parameters, slight 
deviations in production proving fatal to accuracy. 
Also, speed limitations are present due to noise sensitiv 
ity, resulting in an inaccurate reading of the cell’s mem 
ory. 

Reference voltages generated from the dataline itself 
would not be subject to these limitations. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
sense ampli?er circuit that requires no dc power to 
support the reference voltage. 

It is an object of the present invention to provide a 
sense ampli?er circuit wherein the change in voltage on 
the dataline is relatively independent of power supply 
voltage. 

It is a further object of the present invention to pro 
vide a sense ampli?er circuit wherein the reference 
voltage is responsive to noise effects and threshold 
voltages on the data line. 

It is a further object of the present invention to pro 
vide a sense ampli?er circuit with high access speed. 

Thus, in accordance with one embodiment of the 
present invention, a column of memory cells of the 
EEPROM type employs a sense ampli?er circuit for 
producing a data output voltage. The sense ampli?er 
compares a stable reference voltage with the voltage 
stored in a selected memory cell in an associated mem 
ory column, producing a differential voltage the polar 
ity of which indicates the logic state of the selected 
memory cell. The stable voltage reference is derived 
from the column line immediately before the above 
mentioned comparison is made to more accurately 
match the voltage level of the selected cell and to pro 
duce the correct logic output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram illustrating a conven 
tional level shifting sense ampli?er. 
FIG. 2 is a schematic diagram illustrating a conven 

tional sense ampli?er of the type that uses a dummy cell. 
FIG. 3 is a schematic diagram illustrating a conven 

tional sense ampli?er of the type that uses a high trip 
inverter. 
FIG. 4 is a schematic diagram illustrating a conven 

tional variation of the dummy cell type of sense ampli 
?er. 
FIG. 5 is a block diagram illustrating a sense ampli?er 

in accordance with the present invention; 
FIG. 6 is a schematic diagram illustrating a sense 

amplifying circuit in accordance with the present inven 
tion; 
FIG. 7 is a schematic diagram illustrating an alterna 

tive embodiment of a sense amplifying circuit in accor 
dance with the present invention; and 
FIG. 8 is a timing diagram illustrating the timing 

necessary to operate the circuit shown in FIG. 7 in 
accordance with the present invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENT 

FIG. 5 shows a block diagram of a sense ampli?er for 
detecting a change in a single-ended dataline input using 
a stable reference voltage which is derived form the 
data line input. The dataline input and a clock signal 4), 
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which is generated by a read signal generator, are pro 
vided to bias control and reference generator circuitry 
which derives the reference voltage VREF. The refer 
ence volta VREF and a bias line voltage VBIAS are pro 
vided by the bias control and reference generator to a 
differential ampli?er. The differential ampli?er com 
pares the two voltages VREF and VBIAS and generates 
an output VOUT which is related to the state of the 
dataline input. The ampli?er output VOUT is provided 
to a latch which holds the output VOUT past the end of 
the read cycle and provides an output VOUT which 
corresponds to the state of the dataline input. 

Referring to FIG. 7, a column of memory cells com 
prising transistors X1—X1vis shown connected to a data 
line. The column represents a typical load for the sense 
ampli?er of the present invention. An appropriate volt 
age applied to the gate of transistor Y selects this partic 
ular column for sense ampli?cation. 

Transistors X1 through X N each represent a separate 
cell of memory. 

If a particular cell X1—X1vis on, the voltage at the gate 
of that device is high, representing a logic ‘1’. Under 
these circumstances, the cell operates to sink large 
amounts of current to the ground of its device. If the 
cell is ‘off, the voltage at the X gate is low, representing 
a logic ‘0’. Under such circumstances, the current 
through the dataline remains largely unaffected. 
While the sense ampli?er of the present invention will 

be described below with reference to a speci?c load, 
this description is not intended to be construed in a 
limiting sense. Various loads, as well as other embodi 
ments of the invention, will be apparent to persons 
skilled in the art upon reference to the following de 
scription. 
The read signal necessary to activate the sense ampli 

?er circuit of the present invention is generated external 
to the circuit and fed to the circuit in the form of a clock 
(in. All other clocks or control signals 4);, (in, 413, and 
(1)4 are derived from this original signal. Clock (1)3, the 
clock controlling the precharge period, is derived by 
inverting ¢1 using a typical CMOS inverter. As shown 
in FIG. 8, clock (1)3 goes high at time t1 and goes low at 
t3, during which time the precharge operation is com 
pleted. Clocks 42; and 412 both activate their respective 
transistors at the same time, i.e. t1. Both clocks remain 
active, however, until the completion of the read cycle 
at time t5. 
As shown in FIG. 7, the dataline is connected to three 

separate devices, the ?rst device being transistor T2. 
Transistors T2 and T3 operate together as a small cur 
rent drain to remove residual charge from the dataline 
remaining from the last read cycle. The dataline is con 
nected to the drain of transistor T2, the source of tran 
sistor T2 is connected to the drain of transistor T3, and 
the source of transistor T3 is connected to ground. The 
gate of transistor T3 is connected to V“. The gate of 
transistor T2 is connected to both clock (b3 and to the 
gate of transistor T6. 
The current drain formed by transistors T2 and T3 is 

deactivated before reference voltage Vref is isolated 
from the dataline at time t4. The current drain is small 
enough to have no effect on the charging of the bias 
line. The current drain is activated at time t1 and deacti 
vated at time t3, activation and deactivation being con 
trolled by clock 43. 
The dataline is also connected to the source of transis 

tor T1. The gate of transistor T1 is ?xed at Vac-V, and 
is connected to the bias line. 
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The dataline is also connected to the drain of transis 
tor T13. The gate of transistor T13 is controlled by clock 
(1)4. The source of transistor T13 is connected to the 
gates of both transistors T14 and T19. Transistor T14 
functions as a capacitor or charge storage. This is a 
heavy node, and therefore is highly noise resistant. The 
charge storage function is achieved by use of a deple 
tion device. This node, i.e., the common gate of transis 
tors T14 and T19 and the drain of transistor T13, provides 
a reference voltage VreflIO a differential ampli?er com 
prising transistors T15, T16, T17, T18, T20, and T21. 
The differential ampli?er may be one of many con 

ventional differential ampli?ers. The differential ampli 
?er circuit shown in FIG. 7 consists of a balanced pair 
of driver transistors T17 and T19 along with p-type load 
transistors T16 and T18. Transistor T20 connects both of 
the driver transistors T17, T19 to ground and has a bias 
on its gate to cause it to operate as a current source. The 
bias on the gate of transistor T20 is controlled by clock 
(in which begins to activate device T20 at the inception 
of the precharge period. The load transistors T15 and 
T18 share a common gate. This gate is connected to a 
switch T21. The gate of switch T21 is controlled by 
clock (#3, which activates the switch T21 at the incep 
tion of the precharge period. When active, the switch 
T21 acts to balance the loads on transistors T16 and T13. 
Transistors T16 and T18 share a common source. This 
source is connected to the drain of T15, a p-type transis 
tor T15. The gate of transistor T15 is controlled by clock 
(in, which is inverted to <1); in order‘ to activate the 
device T15 during the precharge period. Transistor T15 
operates to set up the differential ampli?er. 

Differential ampli?ers of this type are bi-stable cir 
cuits. That is, either transistors T16 and T17 are on dur 
ing operation and transistors T13 and T19 are off, or visa 
versa. The output of the differential ampli?er may be 
taken from either the drain of transistor T16 or from the 
drain of transistor T18. 
FIG. 7 shows the output of the differential ampli?er 

connected to the drain of transistor T16. Since switch 
T21 is deactivated at the end of the precharge period, 
and is thereafter effectively an open circuit, the source 
of transistor T16 is not equivalent to the source of tran 
sistor T13. 
One input to the differential ampli?er is the gate of 

transistor T17 which is connected to the bias line. The 
other input to the differential ampli?er is reference 
voltage Vrgf. The output of the differential ampli?er, 
Vow, will tend to go high or low depending on the 
polarity of the difference between the voltages on the 
inputs. The ?nal output may be obtained in several ways 
from this ?rst or primary output. Often several stages of 
the circuit operating as the differential ampli?er, that is, 
the compare and amplify circuitry, would be cascaded 
to form a high gain sense ampli?er. 

V0,” is fed into a conventional latch which in FIG. 7 
comprises two CMOS inverters. V0,‘, is the input to a 
?rst inverter. The output of the ?rst inverter is then 
connected to the input of the second inverter. The out 
put of the second inverter returns as input to the ?rst 
inverter. This operates to convert the ampli?ed signal 
V0“, to a clear logic “0” or logic “1”. Often several 
stages of the latch circuitry would be cascaded to form 
the logical output necessary to correspond with the 
reading of the data cell. ' 
During the precharge period, the bias line, which 

extends from the drain of transistor T1 to the gate of 
transistor T17, is raised in voltage level to its maximum 

0 

5 

25 

35 

40 

45 

55 

60 

65 

6 
point. The bias line is a light node, and at most reaches 
the voltage level of VCC—V,. Transistor T64 is con 
nected by“ its source to the drain of transistor T6. The 
gate of transistor T6,; is connected to the power source 
V“. The drain of transistor TM is also connected to-the 
power source. Connected thus, transistor T6A acts as a 
current source by operating in the saturated mode. This 
provides that the source of transistor T6A, which is 
connected to the drain of transistor T6, is always at 
VCC—V,. When the clock 4); on the gate of transistor T6 
activates T6, transistor T6 is operating in a linear mode 
and the voltage at the drain of transistor T6 is passed 
down to the bias line which is connected to the source 
of transistor T6. So connected, transistors T6 and T6,; 
provide a maximum limit of V¢c—V, on the voltage 
level of the bias line. 
The bias line is also connected to transistor T5. Tran 

sistor T5 is a depletion device with its gate connected to 
its source. The drain of transistor T5 is connected to the 
drain of p-type transistor T4. The gate of transistor T4 is 
controlled by clock 4); which activates transistor T4 at 
the inception of the precharge period and remains ac 
tive until the end of the read cycle. The source of tran 
sistor T4 is connected to the power supply Vac. Thus 
connected, transistors T5 and T4 operate as a current 
source. Transistors T5 and T4 are dimensioned so as to 
provide a small current source. Since transistor T5 is 
sourcing a small current, it is very resistant. The drain 
voltage stays close to VCC—V,. With a large resistive 
value, the source of transistor T5 also stays high. The 
current source provides support for the bias line voltage 
level after the precharge period is over. Thus, when 
transistor T6 is turned off, the bias line will remain at its 
high level or V¢c—V; due to transistor T5, unless a ‘l’ is 
being read from one of the cells. If a ‘l’ is being read 
from a cell, the cell is acting as a large current sink or 
drain. The drain from the cell may easily overpower the 
small current sourced through transistor T5. Thus the 
bias line level is lowered to re?ect the data input. 
The controlling clock on the gate of transistor T13 is 

activated shortly after the beginning of the precharge 
period. The clock signal 424 is derived from clock Q53 by 
inputting clock ¢3 through‘two CMOS inverters, con 
nected end-to-end. Thus, clock (1)4 is a reflection of 
clock (1);, only slightly delayed in time. More precisely, 
clock (#4 is delayed by two gate delays or the time nec 
essary for the signal to pass through both inverters. At 
the end of the precharge period, the bias line voltage is 
approximately Vac-Vt. The dataline voltage at this 
time is approximately V¢L-—2V,. The second threshold 
voltage re?ects the voltage drop across transistor T1. 
The approximation is necessary to reflect the adjust 
ment made to the dataline by the load. Thus, the effect 
of the load and the voltages along the column of cell 
lines adjusts the voltage that will be passed through 
transistor T13 to the reference node. This provides a 
reference voltage with a more accurate re?ection of the 
cell voltages. 

It is important to note that the gate of transistor T13 
stays active slightly after the precharge period. Pre 
charge ends at time t3, whereas the gate of transistor 
T13 is slightly delayed by the two inverter gates and 
stays active until t4. This intentional overlap in time is 
important because it allows the reference voltage to 
most accurately re?ect slight variations in the dataline 
voltage as it reaches its maximum level. It is also impor 
tant to note that the small current drain formed by 
transistors T2 and T3 is turned off at the end of pre 
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charge and does not affect the voltage on the dataline 
during this small overlap in time, t3 and t4. 

Referring to FIG. 7 and FIG. 5, the bias control and 
generation of the voltage reference Vrefare performed 
by transistors T1—T14 as well as by the timing mecha 
nisms necessary to operate them as directed. FIG. 6 
shows this bias control and reference voltage generator 
circuitry connected to a simple load of one cell, with 
the output of a bias line and voltage reference fed into a 
standard differential amplifier, the output of which is 
connected to a standard latch. FIG. 8 shows the timing 
necessary to operate FIG. 7 as well as the voltage levels 
of address lines and the dataline. Ax represents a signal 
notifying separate circuitry of a change in address. The 
Ax signal is fed into a read signal generator producing 
an output of clock (In at time t1 for input to the inven 
tion. The signal AINT reflects the interior address 
change. During the read cycle, the logic level on the 
gate of a cell may go high. The result of a high logic 
level on the gate of a cell is to pull the voltage level of 
the dataline to a low level. Before the dataline is pulled 
low, the reference voltage is derived from the dataline, 
then isolated after time t4 to preserve its integrity as a 
accurate reflection of a high voltage level on the data 
column line. After time t4but before time t5, the dataline 
voltage level will continue to fall, pulling the bias line 
down with it. Time t5 is suf?ciently delayed to allow the 
bias line to fall to its minimum level as dictated by the 
logic level of the cell. After time t5, the differential 
ampli?er is deactivated by d); and (in and the result of 
the comparison between reference voltage Vmfand the 
bias line voltage level is locked into the latches. 

It may be observed that reference voltage Vref is 
approximately VCC—2V,, the approximation re?ecting 
variations generated from the load connected to the 
device. Yet the bias line is only precharged to the level 
of Veg-Vt- It should be noted that this difference of one 
threshold voltage is of no consequence in the accuracy 
of the compare and amplify circuitry. If the logic level 
of a cell is low or zero, the bias line will remain at its 
maximum value VCC—V,. The differential ampli?er in 
comparing this bias line level with V¢c—2V, or the 
reference voltage will always generate an output that 
re?ects the higher level of the bias line. Should the cell 
value be a logic level ‘1’, and the bias line voltage drops, 
the bias line will drop signi?cantly more than one 
threshold voltage as the current drain by the cell is 
strong enough to overpower transistors T5 and T4,, the 
current source maintaining the bias line’s maximum 
level. Thus, the bias line voltage will sink well below 
the level needed by the differential ampli?er to produce 
an output re?ecting Vrefas the larger voltage. 

It should be understood that various alternatives to 
the embodiments of the invention described herein may 
be employed in practicing the invention. It is intended 
that the following claims de?ne the invention and that 
circuits within the scope of these claims and their equiv 
alents be covered thereby. 
What is claimed is: 
1. A method of providing a stable reference voltage 

derived from the dataline voltage and detecting a 
change in single ended data input, said method compris 
ing the following steps: 

(a) raising the bias line voltage to its maximum level; 
(b) storing the dataline voltage; 
(0) isolating the stored dataline voltage, thus obtain 

ing the stable reference voltage; 
((1) accessing the data such that the bias line voltage 

re?ects the data input; and 
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(e) comparing the bias line voltage to the reference 

voltage and amplifying the difference with a differ 
ence ampli?er such that an output voltage re?ects 
the data input. 

2. A sense ampli?er circuit for detecting a change in 
single-ended data input using a stable reference voltage, 
the circuit comprising: 

(a) an input signal on a dataline; 
(b) a switch connecting the dataline to a bias line, a 

voltage level of the dataline being the dataline 
voltage, a voltage level of the bias line being the 
bias line voltage; 

' (c) a switch connecting the dataline to a storage de 
vice; 

(d) means for generating a reference voltage derived 
from the dataline; and 

(e) a differential ampli?er connected to receive the 
bias line voltage and the reference voltage for com 
paring the two voltages and for generating an out 
put voltage related to the input signal. 

3. A sense ampli?er circuit as in claim 2 and further 
including a latch for holding the output voltage past the 
end of a read cycle. 

4. A sense ampli?er circuit as in claim 2 wherein the 
raising of the bias line voltage to its maximum level 
occurs during a precharge period which begins at some 
time t1 in response to a read signal. 

5. A sense ampli?er circuit as in claim 2 wherein the 
compare and amplifying function performed by the 
differential ampli?er activates and balances in response 
to a read signal at a time t1. 

6. A sense ampli?er circuit as in claim 2 wherein the 
bias line voltage is maintained at its maximum level until 
the end of a read cycle unless the data input when ac 
cessed is a ‘l’, 

7. A sense ampli?er circuit as in claim 6 wherein the 
bias line voltage is maintained by activating a small 
current source to the bias line at time t1. 

8. A sense ampli?er circuit as in claim 2 wherein the 
storage and isolation of the dataline voltage are com 
pleted shortly after the end of the precharge period. 

9. A sense ampli?er circuit as in claim 8 wherein the 
storage of the dataline voltage is performed by a capaci 
tor having a heavy, noise resistant node. 

10. A sense ampli?er circuit as in claim 9 wherein the 
dataline voltage is passed on to the capacitor with a 
switch and isolated from the dataline by the same 
switch. 

11. A sense ampli?er circuit as in claim 10 wherein 
the isolated dataline voltage serves as the reference 
voltage and is suf?cient to activate a branch of the 
differential ampli?er. 

12. A sense ampli?er circuit as in claim 11 wherein 
the maximum level of the bias line is either substantially 
equal to the dataline voltage level. 

13. A sense ampli?er circuit as in claim 12 wherein 
the maximum level of the bias line is suf?cient to acti 
vate a branch of the differential ampli?er. 

14. A sense ampli?er circuit as in claim 11 or 13 
wherein the output voltage is a ‘1’ only if the bias line 
voltage is less than the reference voltage. 

15. A sense ampli?er circuit as in claim 2 wherein the 
output voltage is the input to a latch where the latch 
holds the data after the end of a read cycle. 

16. A sense ampli?er circuit as in claim 2 wherein a 
small current drain attaches to the dataline and is acti 
vated in response to the read signal and deactivated at 
the end of the precharge period. 

* * * * * 
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